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Abo TRACT 


The advent of jet fighter/fattack aircraft has 
resulted in tae need for additional devices to aid the 
pilot in the accurate detivery of unguided weapons. 
The current generation of attack aircraft has met this 
need With the installation of a@inicomputers and 
additional sensor devices such aS doppler radar and 


inertial navigation systems. 


This paper demonstrates a‘ low cost method for 
improving the delivery accuracy of those aircraft 
Which do not have such devices installed. A 
comparison is made between delivery accuracy with and 
Without the proposed modification. 





TABLE OF CONTENTS 


a ee) uC Cul\emewetenaotsretsieta cistn iste so 4s cceececscescecesecee ff 

Zi. UNGUIDED WEAEONS DELIVERY USING PIXED SIGHT 
ALR CRU ATEIE” ys USERS Gy) AR nc ne 
Pee dl De OUOWoisicesi ss se elslsle els ses es eleecssccesssecececss 9 
Poor ey nee OUP in Neaielelele ete wis » sees ste es seececeece tit 
Cee Peo ew oOLUTTON FOR SATR TO GROUND DELIVERY ...ees) 14 
ree ame Cmenele tam Guilr tilt \ stcveieiie ees 6 6's 4s )e\sle:e"g'o e600 eeeecee 19 
Sr Oeil) | WO Nauetets ci cie e's coc esce~ceo<ceetcesceescos 20 
Bho (AG OVSUDOUEVENIES 35 545 4.5565 See ee ee. t 
PCO mmOlmotGicns CUSG oS WltCh. ssss cesses cece es 22 

2. Portable Micro Computer with 

PRUpKeMmiea yl: Vowel Ol Vas ciele b aieielsie ees eee<'eieseceee 22 


= 


Reet Data COWOUNCET CAE SG ABI eo ao do ooo See oe 22 


ite emiommnls ee eC OMS a o\ oe ase cisla ess) eile coe are 22 


GEOG Witmer ND GNE Cue erate iar) er ove! ogc eel to sere ‘ee eitie 25 


MiCLO COMPUTES 2 ce cece cece ccse cere acesccccce D3 
e GAGES ANC lstes tema ete ewee tous) 26 (oie si. s).5 6. eieseteiisic Gi si ee. uis owe 23 


ee pomncemMscot Ve GOntCLOL SYStCh ewer sucesve 23 


oma HD OH HF W 
e 


ATECE Ro Omit taCh 5 CN GOL e sie ess cs s oce'gs s eece es 24 
ee oy NO tone Sl) lye iets c bho e 69 65h) e166 ele eels 6 << o ee ee ew 24 

to. HMLLS Sal Ge Tepe nuns A julle le We eerar ener ae ae ee er ee 

Cen elite Chee tts ts ce cic aie sierelcte( slate «6 acu oa sole 2 

LE ero PC CMe N0cr Wii): cle pis ete sie) clwisieics 66 oume se eG occ ceeeewe 29 
Pe ee 1 OU) ee etictes tein g ilcteteneleidts «ic sie o¢ 6 es <0 osies ee 20 
Ge Mee cm Cin sald Chea ION Seis erccice «isles cca ccaese 20 

eS Eom Orem nero EB OPOSeO SOLUETONs 6s occessecses 30 

Gu oie cued MN (eC wessie eles ss asc acs seca srcic ee 30 
ee erm oe Ud Gl clare ¢ os ei hiss » isc oe s0 0 0 34 
CPCS Lt NG eNCCULAC Ys sisiele «oss chalice acces 39 
Gees ave POLLOLMance. ...5.... ee ee eres NZ 


Se omomeoOnlWeer ott taba lity. 1... Seren cee 


Sa) 





ee ALR To POM armen ames Weta eeu eaters s clini avieielie e eue ee Oca 6 66 6 a eee we 


1. Gioia iar eee ena ta atete eo. <a co Se bie avelle* el Siew «kee Gees 


Pee ead tOr Larger) NOLTON.s .s<. Wiaiape euetete ck cne te: cue 


CPG wiec Galo Gea Vi ry DEOD. + ess « 66% « oae< es 
ee ie ee momen G VCme tm eA CEA CK 6 « o6e<sc cee asc ees 


ee ie dee OO mm EON s/s ssa cs 6 se a's 

6. Inplementation and Timing........ 

nee (1 1 <5 e atte e "es oan elals 0.0 ae eee «ce «we «4 «s 
MeorR BUTICN OF FORECAST AIRSPEED GRRORS. .cceee 
memes OF ACCURRCY COMPARISON. .c cc ccccessccces 
Pree ACCURACY SEMULATION PROGRAM. ..2. cece secs 
nent LON OF ANGLE OF ATTACK MODULE... -ssececee 
Seen en Gee ter © anette s 4 eee 6s e's aie «0 0s «0 0 00 
fees ACCURACY CCMNPARISON 2.2.06 scence csceccae 
femmes 1 C GROUND PROGRAM. «2. wc cw cw cc ae ce ee eee 
OP DOe Mee NL REO GRAM ss 6 2s os = 6s 6 os 60 0s ess aa os 
PPM weemO oh Cee ON LIST. c24,05c66e 6s ca eece cues 


e*eevsee@*e#d@e@*F 


e@eee@#@ee@ 


€©@ee@#e#8e#e#s98 6 


48 
U8 


58 
60 
63 
86 
87 
88 


94 


102 
105 


Berets 6. 656 a 





The purpose of this paper is to examine the feasibility 
of using a micro computer in Naval aircraft to aid the pilot 
in the solution of tne ballistics problem for unguided 
weapons. Specifically, this problem 1s to release a weapon 
at some point ik space with the proper velocity vector so 
that the weapon will eventuaily strike a selected target. 
Since several modeis of attack aircraft (A-6E, A-7E} are 
equipped with computers which perform this function, special 
attention wiil be focused on those aircraft in which the 
Petot manually provides the solution. See aah eGon uate 
Mewerred to as fixed sight aircraft and the F-4 is 


representative of this class. 


The micro computer, because of its low cost and weight, 
1S a device with the potential to provide the pilot of fixed 
SeegterdirCrart with useful and timely information. fo 
determine whether Such a potential could be exploited, the 
INTSL 6080 iS exanined as being representative of modern 
micro computers and the F+4 is considered as a typical fixed 
sight OPEerart. The concepts, however, are intended to be 
more general in nature and no discussion , data, or 
conclusion contained herein is intended as an endorsement or 


Criticism of the manufacturer or weapon systen involved. 


The body of the paper consists of four major sections. 
The sections are as follows: a description of the general 
nature o£ the unguided weapons delivery problem and how the 
pecnlom as Newesolved by pilots of fixed sight aircraft; the 


Proposed use of a micro computer to aid the pilot; an 





a@aalysis and test of the proposed solution; and conclusions. 


ae 





IUAEe UNGUZ DED WEAPONS DELIVERY USING FIXED SIGHT AIRCPAFT 


ee eee es ——_—— = eo —_— oe eee ee eee es eee eee cee oe — we ee ee —— ee we —— are ee ee ee = ees 


A. Dee TNE TORS 


PEeccdmongiuwalLlrcrarts1S ad tenmeapulied to those alreraft 
euguipped with neither a lead computing gunsight nor a 
computer operated bomb release device. In Such aircraft a 
Sighting device or gunsight is located in the pilot's 
forward field of view. Its purpose is to represent visually 
an angle in milliradians {mils) measured in the positive 
direction below a longitudinal reference line calied the 
Pees oAGRE REY ERENCE LINE (FRE). Figure 17 @ep2aGeame such a 
device. Typicaily these devices are adjustable through a 
range of zero to approximately 200 mils, but once adjusted 


they remain set until manuaily changed by the pilot. 
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Be PaO meen sre TNT TON 


For a particle of constant mass, m, moving under the 


action of an applied force, F, Newton's second law of motion 
Seates that 
F=m*a. (1) 


If the weapon is considered to be such a particle, and 
if the position of the weapon 1s meaSured in a rectangular 
coordinate system, (X,y,z), then equation (1) may be written 


me vector form as 


(a ,@a , a )= CE yt oe 7 (2) 
ony ne x y 2Z 


For air to ground weapons delivery, the coordinate 
system 1s chosen so that y represents altitude, x represents 
the down range travel of the weapon, and the 2 axis nheasures 
G@isplacement in azimuth. The origin is chosen so that, at 


the moment of release, X equals zero. 


If it is assumed that the air mass through which the 
weapon 1S moving is stationary with respect to the earth, 
that gravitational forces are constant with respect toy, 
and that forces induced by the rotation of the earth are 


negligible, then F =0. The remaining forces acting on _ the 
72 


Reapon “are drag, thrust, and gravitational force. It will 


be assumed that thrust 1s zero, for all weapons except 
reckets. Rockets are assumed to have a short initial feriod 
®f conStm@nt thmwst after which they fall with the same 


discipline as all other unguided weapons. Jrag acts in tae 
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direction oppoSite to the direction of the velocity vector 


2 
padeeeis Girectliy proportional to {{Vjj{ and air density. [In 


a standard air mass, density 1S a decreasing function of 


Gee ttude. Therefore equation (2) may be written in 


component rora as rollows 


a =-drag * 1/m (3) 
X x 


a= -(drag +g¥*m)/m (4) 
y y 


2 
where g iS a constant 32.17 ft/sec . 


Letting THETA=ARCTAN(v /v ), (3) and (4) become 
y x 


~— 


a =-drag*cos (THETA) /n (5) 
os 


and 


a =-drag*sin (THETA) /m -g. (6) 
y 
Drag 1S represented as 


2 
trag=EnorS*Y *C 


Mimetbe ‘rho’ is the air density, 'S' is the cross sectional 
2 Zan7 2 


area, ‘'V' ais the total velocity ( (V +V_) ), and oe 
x y 


the drag coefficient, iS a dimensionless factor whose value 


depends on the shape of the weapon and the ratio of 'V' to 
the speed of sound at altitude y. Equations (5) and (6) may 


be considered as differential equations 
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Ba Ver pkg gt} (7) and 
x x y 


Omori 7 Vo gk, Yr) = (tei 
y x ¥Y 


In air-to-ground weapons delivery, equations (7) and (3) 
may be solved numerically for any set of initial conditions 
mm 0. 0 9 


(v ,¥ ,X ,y ) to determine a tine t' where acts target 
x YY 


elevation and x ; is the down range travel of the weapon. 
c 


[terme Ors, the problem for air-to-ground delivery is to 
Posatioh the aircraft so that the initial conditions are 


Matched when the selected aim point is a distance ae down 


_— 


range from the aircraft. 


Moeemoucwided air-to-air weapons, eguations (7) and({8} 
Ray be solved together with initial value conditions to 
describe the position (x(t),y(t),z(t)) of the weapon at any 
time t after the weapon has been fired. Since the position 
of the target is also sone Pune won of time, 
eee carget ! tar alec the problem is to find a 
set of initial value conditions such that for some time, 
20h 


ee ee (tT Th Zz (E*") = (x (t°") Y (t''),2 
tacoe’ eat get ear ger 


me) ) . 


cuments provide the 


I~ 
ee, 
ey) 
‘+ 
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fee weer cease, the aircraft 


fie: 





indication that the initial conditions are satisfied. The 
gunsight is used to establish a spatial relationship to the 
aero ty. The desired terminal condition occurs at some 
future time when the weapon hits the target. This mixture 
faeinicial condition and terminal condition constraints 
makes the problem a combination initial value problem and 


boundary value probien. 


Se PILOT SOLUTION FOR AIR TO GROUND D&rLIVERY 


Although high speed computers which numerically solve 
(just prior to weapon release) equations (7) and (8) are 
installed on some attack aircraft (A-6E, A-7E), no such 
@eviees are installed on fixed Sight aircraft. For the 
Baelat Of the fixed sight aircraft a numerical solution of 
the problem is not available in flight. Therefore sets of 
solutions have been calculated HOE various Died eee ae 
Gonditions. HHew pr iOocmrGCGIIes, «prior.  tG reaching the 
Paeeet, Which of the precomputed sets of initial conditions 
femexti) match. Then he consults a table which contains a 
standard sight setting. After adjusting this setting to 
Pemiect fOr Variations in aircraft gross weight and release 
altitude, he adjusts his sight to this corrected value. 
Finally, he flies fhe aircraft so as to match the delivery 
parameters, places the sight image over the target, and 
releases the weapon. If all parameters nave been matched , 
the weapon will have the greatest probability of striking 


the target. 


In actual deliveries, however, the parameters are 
frequently not matched exactly. This 1s understandable 
considering that the controls available to the plot 
(throttle and elevator GOnerol) do not diEeect) 


instantaneously or independently control the position or 
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Boataa 1 velocity vector. Furthermore, dive angle 
information is not directiy available from any aircraft 
instrument and the information which is directiy available 
(true airspeed and altitude) must be mentally processed by 
the pilot pefore he can physically react , thereby adding 
further delay. Pinciiveetwenatperatrt itself cannot react 
instantaneously to control inputs. Gauthier/ 1 7 has shown 
that sudden perturbations of the angle of attack caused by 
pilot induced changes in pitch attitude ( elevator control) 
Wilk cause the information provided by a fixed gunsight to 
be unreliable for several seconds. In addition , as shown 
in Fig 2, the gunsignt image 1S constantly moving across 
the earth so that the proper sight ‘picture’ occurs 


precisely once during the dive. 








NOTE: 


8000! SF 


Vp 
LL a 


4000' Foe LEA 


6732! 


Although Depresston from flight path (LO6 mils) extracted 
from the ballistie tables ts corrected for parallax, the 
remaining caleulattong ignore these factors. Therefore 


tt ts apparent that there are small geometrie anomalies 


in the above dtagran. 


a ne 
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In Spite of these difficulties, there are strategies 
which help the pilot to learn a solution to the  prcblen. 
First, the deliveries have peen standardized so that the 
pilot may concentrate his efforts at mastering several hasic 
Maneuvers. This practice tends to reduce the magnitude of 
delivery errors. The second aspect which aids the pilot is 
known as error analysis. Since actual conditions rarely 
match those cf the practice patterns, the pilot is taught to 
recognize those errors which are present and to apply 
corrective measures. Fig 3 graphically depicts the effect 
of various errors in airspeed, dive angle, release altitude, 
and aim point. For each of the standard deliveries, there 
is atable in reference / 2 / which lists, for each weapon, 
the effect upon weapon impact of errors of 10 Knots in true 
airspeed ( fast and slow ), one degree in dive angle ( steep 
and Bhallow) , 100 feet in release altitude( high and low), 


am@eone Milliradian in Sight setting ( plus and minus). 


To use the tables, the pilot memorizes key vaiues for 
the weapons he is going to release. During the tracking 
portion of his dive, he first attempts to minimize the 
errors in each of the delivery parameters, If he decides 
that the value of some or all of the delivery parameters 
Will not eyual the preselected values, he estimates the 
cumulative effect of all such errorS on weapon impact. 
Having estimated this miss distance, he then deliberately 
causes ancther error either in release cziltitude or sight 


angle to counteract the effect of the previous errors. 


Ly 
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As an illustration of this method, suppose the pilot 
estimates that he will be 10 knots fast and one degree steep 
at release altitude and that the combined effect of the 
errors will place the weapon 100 feet past the target. I£, 
in the error sensitivities chart for the particular weapon, 
Mmmementries for +100 ft. and -1 mii are -25 feet and -10 
feet respectively, then the pilot may choose to release the 
weapon 400 feet high in relation to the preselected release 
altitude or he may use an imaginary Sight line which 
represents an angle of 10 mils less than the preselected 


angle. 


In view of the difficulties involved in fixed sight dive 
bombing, it is not surprising that considerable effort has 
been devoted to the development and implementation of 
computer systems to improve the delivery accuracy of all 


S@rament generation Naval Attack aircraft. 
D. AIR TO AIR GUNNERY 


ieatdi-tO-alr gunnery, the pilot of a fixed sight 
aircraft essentially solves his aiming problem in the sane 
tomer aS LOL air tO ground weapons delivery. He selects 
several representative situations and consuits a table to 
determine the correct sight setting for each particular 
SeeetataOn. In air tO air gunnery, however, the pilot would 
Mamet y like to be able to fire his aircraft's guns at any 
time he has a good chance of hitting the target. Therefore, 
rather than try to match any preselected set of firing 
conditions, the pilot takes the best guess and fires. The 
guns are loaded with a mixture of tracer rounds so that the 
pilot visualiy adjusts his aim depending on his evaluation 


of the effect oft previous ain angles. 


Le, 


See 





Pix. PROPCSED SOLUTION 


meme eee Se ee ee ee 


mre OLaGeCr tO achieve the full benefit of the Low cost of 


the micro 
equipment 
inertial 


modified 


computer, it was assumed that no additional sensor 
such as doppler, air-to-ground ranging devices, or 
navigation devices would be inciuded in the 


systen. Instead, the system would be designed 


around existing components with ultimate responsibility for 


problen 


solution still rcesting witn the pilot. The micro 


computer is used chiefly to perform those calculations whicn 


the pilot 


of fixed sight aircraft now estimates. 


= 


A. COMPONENTS 


The components of the modified system are depicted in 


bag 4. 
below. 


Their relationship to the overall system is given 
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ae Control Sticx Sense Switch 


= So eet ae ee —_— as a oe —= = SE =o a SS Se eee 


An on/forft Switch which 1S activat2d ‘on’ when the 


pilot begins tracking the target. 


nee GE ee ee oe ee Se ee ee OS oe meme ea ee a a — > a cme we ee eS —_iAS a Se a 


A device whose auxiliary storage contains a complete 
library of standard release parameters and error sensitivity 
factors for each weapon authorized for carriage and release 
Peem the particular aircraft. Fach weapon would reguire 
approximately 128 bytes of storage. It 1s assumed that no 
more than 50 such weapons would apply to any particular 
Peeeecrait. The ground based micro computer would be capable 
of retrieving blocks of such data and passing the data to 
the micro computer aboard the aircraft. It is also assumed 
that no more than three different weapons would be carried 


Dy a particular aircraft on any flight. 


=e er ae on ake ee ow —_ = 


A device currently installed on Naval aircraft which 
provides analog sSidgnalS corresponding to true airspeed, 
calibrated airspeed, and altitude. These signals would be 
converted to digital format to be read by the micro 


computer. 


4. Loft Bombing Computer 


Pa 2 eS m_—me <8 ee SS —e = oe =e SS ee 


PI CeCtmiMe MN GetorenGe “Gyro Of the type currently 


installed in the F-4 whose analog Signals corresponding to 


LZ 





pitch and roll angle as well as rate of pitch and heading 
Change would be ccnverted to digital format to be read by 


the micro ccmputer. 
5. Cockpit Keyboard 


Any standard numerical keyboard, of the type used on 
pocket calculators, which has at least five function 
Switches and light emitting diodes to confirm register 
contents. This device would be used by the pilot, or 
preferrably by a crewman, to input the mode ( air-to-air or 
fer O-ground), and if in the air-to-ground mode to input 
the desired delivery, weapon to be released, target 


elevation, and aircraft gross weight. 


A Micro ccmputer wath aword size of at least eight 
bits and speed at least that of the INTEL 8080 (2.5 micro 


Second instruction cycle). 
7. Gunsight 


Either a standard fixed gunsight modified by 
replacing the fixed reticle light source with an array of 
addressable light emitting diodes, or a standard ‘heads up! 


Gamer ght . 


Pei cOrnes Missile Control System 


One of the several models of air-to-air radars 


currently installed on the F-4Y which provides analog Signals 
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corresponding to the present range to the target and the 
cate of closure. These analog signals would be converted to 


digital format to be read by the micro computer. 


9. Angle of Attack Sensor 


—_——— wee SSS —e che ewe ee ee aw 


A device which is currently installed on Navy jet 
peecrait which provides an analog signal corresponding to 
the angle between the flight path of the aircraft and the 
FUSELAGE REFERENCE LINE. This signal would be converted to 


eeaitat format for use in air-to-air calculations. 


B. DsSCXLPIZON Or USE 


Fig 5 shows the overall timing sequence for the 


functions of the systean. 
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fee alr to Ground Mode 


PrrOr to Stlagnt, the aircraft is loaded with some 
authorized ordnance configuration. After the aircraft is 
Operating on internal electrical power, a portable micro 
computer loads the avypropriate tables into the memory of the 
Memeeratt*s computer. As the aircraft apdroaches the target, 
the pilot/crewman keys a standard delivery and weapon code 
into the micro computer along with the target elevation and 
aircraft gross weight. AS the pilot commences his roll-in, 
the micro computer samples calibrated airspeed and pitch 
marge nwand calculates the angle of attack of the fuselage 
reference line for a steady state dive at that pitch angle 
and calibrated airspeed and displays the angle of attack in 
mils on the gunsight. The pilot uses this information to 
establish the aircraft ina dive path which intersects the 
earth at some predetermined distance beyond the target ( ain 
off point). When the aircraft 1S eStablished in the proper 
dive, the pilot actuates the control stick sense Switch and 
the computer begins tc sample true airspeed, calibrated 
airspeed, altitude, and pitch angle. The pilot makes no 
further throttle adjustments. The computer calculates dive 
angle and estimates what the release parameters ( airspeed 
and dive angle) will be when the aircraft reaches the 
prescribed release height above the earth. This Sampling 
and calculation takes about two seconds. The computer then 
calculates the effect of any errors in the estimated 
airspeed and dive angle and corrects for the impact error by 
addressing a new diode in the gunsight or sending a 
correction Signal to the heads up gunsight. The new sight 
Setting would be calculated using the error sensitivity 
MaectOus Which had been read prior to flight. fhe pilot uses 
the corrected sight setting as the new aiming reference and 


places the revised Sight pipper over the target at release 


Z6 





altitude ard manually releases the weapon. After dive 
recovery, the computer is reset and the process 1S repeated 


as desirea. 


2. Air to Air Mode 


—_— — ——— oe eur oe oe ee 


For air to air use, there would be no need to iocad 
mepbes into the aircraft computer prior to flight. Instead, 
the program and appropriate tables would remain in the 


computer memory. 


In EP e the pilot/crewman would select the 
air-to-air mode. The computer would then begin to sample 
true airspeed, altitude, present range to the target, 
Smomteemrzate, roll angle and pitch and azimuth rates of 


/ 


change. 

At this time the 35 mil setting would be illuminated 
on the gunsight. When the pilot had established a suitable 
tracking poSition with the sight held steady on the target, 


memuoula activate the contro] stick sense switch. 


The computer would then calculate the proper lead 
angle for the most recently sampled conditions and display 
this lead angle on the gunsight. The pilot would adjust to 
the new aim angle as smoothly and guickly as possible and 
fire the guns. Tracers would stili be mixed with other 
net ton sO that the pilot could adjust his fire as 
necesSary. The time required to perform the calculations 


would be about .2 seconds. 
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IV. ANALYSIS AND TEST 


canes SS ie SO we A —— = = 


A. AIR TC GROUND 


1. General Considerations 


wee er as eee ee ie Seats see feats iS ee eee ee es Qe ee ee ee 


If it is assumed that density, temperature, and the 
speed of sound are continuous, differentiable functions of 
altitude, then there exist unigue solutions of equations (7) 
and (8) for each set of initial conditions. Moreover, it is 
intuitively clear that if the solutions were written in the 


component forn 


0 0 0 0 
X(t)=F(v ,v -X cy et) (9) 
x yY 


and 


Hie Ouso Oo 
a) ieee pe) eC) 


then the fosition of the weapon at time t could be 
considered to be a continuous function of the initial 
conditions. That is, for any neighborhood, N, of a point 


(x(t),y(t)) which represents the position of the weapon at 


time, te after release (with ipeat ia i conditions 
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m0 0 
[mame xX ,y )), tnere exists a neighborhood, U, of the 
x Y 
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initial conditions such that any identical weapon 


ct 
{3 
(D 
= 
ct 
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mw Gaicial conditions which mere ip U would; at 


il _ 
po 
rj 
ct 
) 
fu 


Be mn X. rurcthenmor it mav be assumed that first 


2 
Geweemeatives of F and H exist wathin U so that 


O 
ees ay + Ff, #*d6 + F 88x @ F *£ GY (11) 
Vv x Vv y x y 
x y 
and 
O 0 Best) _O 
aY=H * av + H * dV + Hi * aX + H * @¥F. {72) 
V x Vv 7 % y 
x iy 


Where the variables and partials on the right represe: 
changes in the initial conditions and those on the lef 


represent position at some time, t, which is held constant . 


Since the proposed system incorporates no additional 
sensor devices, it must perform essentially the same type o 
Gavewsations Which the pilot of a fixed Sight aircrart now 
Berrougs. it samples airspeed, altitude, and pitch attitude 
and predicts what the value of true airspeed and dive angie 
Will be at release altitude. These vaiues are then comnpdareé 
With the standard réiease parameters for the particular 
delivery being used. Any difference between the predicted 


value and the desired value is converted to a gunsight 


G@er=—ction which must be aprtied to the sight to counteract 

the efiect of the reiease airspeed cr dive angle error. fhe 
f 

Simm of the correction for airspeed and the correction for 


dive angle is then applied to the gunsight and the piiot 
Pies the aircraft to place the new sight mage over the 


target at release altitude. 


Sapce the proposed solution relies on the eEeror 


sensitivity tables, and since these tables are based on the 


KO 
'O 





partial derivative of F with respect to several of the 
components of the initial condition ( for example, an error 


in true airspeed changes v 7vV ,and x), and since the 
2s Y 
solution agsumes that effects of changes in airspeed, dive 


angle, and aim angle are linear and independent, an 
analytical proof of the validity of these assumptions would 
require an explicit representation Of im and Hes 
Unfortunately, there is no known closed form solution 
available to cover all the possible sets of initial 
Gonditions. Therefore, a series of computer expériments 
were performed to determine whether the method of error 


sensitivity analysis was suitable. 


feeeesestS oO: the 


— 


ae Static Accuracy 


The first test of the proposed solution was 
designed to neasSure tne effectiveness of the error analysis 
technigue. To separate the error analysis technigue from 
any errors which might be induced by airspeed prediction or 
dive angle calculation, it was assumed that these functions 
were performed exactly by the micro computer. To measure 
the ability of the system to Lmprove accuracy, an arbitrary 
value of plus 200 feet or minus 200 feet was assigned tc the 
Mieerrtected impact error, DX in figure 6. The original dive 
angle was assigned a value which was five deyrees steep or 
five degrees shallecvw. it was assumed that the correction 
which was applied to the gunsicght would cause the bomb to 
hit the target if the pilot could establish a parallel dive 
path whose displacement from the original dive path was -DX 
feet ( measured along the X axis). It was assumed that, 


instead of performing such a maneuver, the pilot used the 
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new Sight image to make a Single change in his dive path. 
This change occurred three seconds prior to reaching release 
@ititude and moved the aim off point ~-DX feet. This 
maneuver causes a Small change in the dive angle for which 
the gunsight was not compensated. At release altitude, the 
effect of this change in dive angle was computed using the 
error senSitivity tables for the Mk-76 Practice Bomb (Dx! 


mroure 6). 


A FORTRAN program was executed to determine the 
values of DX', based on the previous aSSumptions. The 
program is listed in Appendix C and results are in Table 1. 
In general the release error Sensitivity method imvrcoved 
accuracy by a factor of eight, and, in the worst case, by a 


mrertor of five. 
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beetoat ame: Recuracy 


—_ 


An important part of the proposed solution was 
the calculation of the angle of attack of the fuselage 
reference line. The pilot would use this information to 
eStablish the aircraft in a straight path which intersected 
the ground at a precomputed distance beyond the target, 
called the aim off point, referencef/ 3 7. The computer 
would aiso use this angle of attack information to compute 


the actual dive angle of the aircraft. 


Although all Naval carrier based jet aircraft 
are equipped with angle of attack sensors, these devices are 
designed primarily to provide accurate information in the 
landing phase of flight and are inherently inaccurate during 


high speed low angle of attack situations, reference/ 4 7. 
Therefore, in order to have a more accurate 


value for the angle of attack, figure 2-56 of reference/ 2 7 


WaS used as a source, - Fig 7. 
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PLGUEC Jas the Chart which a pilot would use to 
@meetlate the angle of attack for any particular air to 
@eound delivery condition. The chart may be used with 
either of two sets of input keys. The first set is dive 
angle, temperature, true airspeed, and gross weight. The 
second set ccnsists of calibrated airspeed, gross weight, 
and dive angle. Since the central air data computer 
provides calibrated airspeed information, the second set was 
used. To calctilate manually the angle of attack for a given 
calibrated airspeed, gross weight, and dive angle the 


following procedure is used: 


(1) Find “the Ggesired calibrated airspeed 
(cas) on the right half of the bottom of the chart. 


(Zietiove Vertically to theacurve labeled wath 


the appropriate weight. 


(ae roceed SenOrazontally “to \ the left until 
intersecting the straight line labeled by the desired dive 


angle. 


(4) Proceed directly down the chart and read 
the desired vaiue of the angle of attack in mils from the 


moreom Of the chart. 


To reproduce the information contained in figure 
7, +j.1t was necessary to represent the weight curves and 
straight lines in an algebraic form. The form chosen was 
the polynomial. Since all air-to-ground charts are based on 
the assumption that the aircraft gross weight is 42,060 
pounds with scalar adjustments for different weights, the 
Same scheme was adopted for the micro computer systen. The 
42,000 pound curve was approximated with a second degree 


Miter polating polynomial, F(cas). The straight lines were 
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considered to be of the form 


y=m * x + D 


where Ey represents ordinate values, ‘'x' represents 
abscissa values, 'm' is the slope of the line, and ‘bt is 
fem y* antercept value. Substituting ALPHA, the angle of 
femerekK, fOr "x', F(cas) for ‘y", m(THETA) for om, ana 
B(THETA) for 'b', the following equation was evaluated: 


ALPHA= (F (cas) -B(THETA) ) /m (THETA) . 


F was a quadratic interpolation of the 42,000 pound curve. 


The argument of F, cas, was taken as the difference between 


calibrated airspeed and 295. This linear translation 
allowed single byte multiplication to be used. THETA was 
the dive angle. B waS a tabled, first divided difference 


function cf the zero nil intercept values of the straight 
lines in the lower left quadrant of figure 7. &, the slope 
of these straight lines, was found to approximate closely 
the value of '-SECANT (THETA)'. 


Therefore, in order to speed the calculations, 


the equation which was actually solved was 
mMil=cos (THETA) * {B(THETA)-F(cas)). (13) 


The COSINE calculation was based on a divided difference 


table which was arranged in four degree increments. 


An ALGOL program was executed to simulate an 
INTEL 8080 fixed point arithmetic evaluation of the 
preceeding eguation. A listing of the program is contained 
in Appendix C. The results of the ALGOL Simulation appear 
in table 2. A ELM version of the routine was timed by the 


INTERP8 as requiring 4798 micro seconds. 
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Ge  PObCCaSt ING ACCURACY 


Aen Gd eopiecetoOr Investigation is the ability 
of the micro computer to forecast accurately the value of 
the release true airspeed early inthe dive. fhe basic 
forecasting scheme is to fit a parabola through a series of 
samples of airspeed and altitude . It is assumed that both 
values can be read to the equivalent of four decinal places 
of precision. In fitting the parabola, altitude is treated 
as the independent variable and the release true airspeed is 


assumed to be 


2 
airspeed = oe ibe el alt (5) 


fieme 'relalt* is the caiculated release altitude. 

To determine whether such a method was 
appropriate, it was necessary to first construct a model of 
the F-~4 ina dive, and then write a computer progran to 
Simulate the model. .The model chosen was that of Newton's 


second law of motion: 


F=n*a 


where torce, F, was assumed to be 


mre isee+ wesen(lHerAy=—draq. 
(eevee and drag were Opposing forces acting parallel to the 
Mmeetioe path, THETA was constant, and thrust, mass, and 


weight, W, were also constant. 
The resulting differential equations were 


A=(Thrust + 8 * SIN(THETA) - drag)/mass (16) 


ana 


ae. : 








V=A¥*t. (17) 


Drag was assumed to be a function of dive angle 
@iametrue aicrepeed. Figure 2-61 of reference £(/ 2 7 wmas 
selected as the source of data from which to obtain values 
of drag. This particular figure represents true alrspeed 
Memeecititude at various dive angles for a particular engine 
speed, gross weight, and external configuration (drag index 
610). The relationship is represented by a series of smooth 
Curves, where each curve corresponds to a particular dive 
augue . The curves themselves were first represented uSing 
an interpolating second degree polynomial determined by af 
least squares fit of eight evenly spaced sets of data 
points. the coefficients of the polynomial were calculated 
by the Naval Postgraduate School Computer Library subroutine 
LSOPL2. With these coefficients, it was then possible to 
determine fcr any altitude and dive angle a true airspeed 


YVaiue based on the curves. 


Using the relationship previously established, 
jt was possible to determine an approximate value for the 
time reguired to fly from one altitude to another. Using 
increments of 10 knots and assuming that the rate of change 
of velocity was linear within the interval, an empirical 
Semeoximation for the accelleration in a particular time 
increment was calculated. The value of the drag during thas 
time increment could then be calculated. This method was 
used to establish pairs of data points (true airspeed, drag) 
for each of the dive angles given. An additional pair (0,0) 
was added for each dive and the resulting data was again 
fitted using the routine LSQPL2. The coefficients were used 


in FORTRAN subroutine DRAG, see Appendix E. 


With the drag function computed, equations (16) 


and (17) were numerically solved uSing a standard 
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Runge-Kutta fourth order integration scheme. this was done 


in a FORTRAN subroutine, INTEG, (see Appendix BE). 


Using the model, three forecasting schemes were 
tested. The first scheme consisted of sampling airspeed and 
altitude values at one second intervals. A Newton divided 
difference interpoiatiny poiynomial was then generated and 


release true airspeed was predicted as 


tas = tas + (release Bice eld) Oa) ea 
release Ce - (0,1) 


#(release alt~-alt ) *F is (18) 
| t (0, 1,2) 


P =(F -F ~x ), 
(0,1) ely eae 


F 1s analagously defined, 
(1,2) ; 


( )/(X -x_), 


F =(F ~F 
(9, 1,2) (0,1) (1,2) 0 2 


X represents the independent variable and F 


represents the dependent variable. 


The second method consisted of taking a total of 
twelve samples during a two second period. The first four 
Samples were added and the average was taken as the true 
value, Slmiiar averages were used to represent the two 
remaining inputs to a Newton divided difference second 


degree interrolating polynomial of the type described above. 


Pichi ieed mp mecterTon Tsehene awas to take 20 
Samples during the same interval and to generate a least 
Squares orthogonal polynomial to fit the data. The 
polynomial was also a parabola and it was generated and 


evaluated based on subroutines contained in reference 5 /. 
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FOr the experiment, 1000 dive runs were 


Simulated. Each run was based on the following assumptions: 
(1) Entry airspeed equais 345 knots. 


(2) Thrust equals 20,000 pounds. 


0 
(3) Dive angle eguals 30 . 
(4) Entry altitude equals 6000 feet. 


(5) True airspeed and altitude would be read to 


four decimal digits of precision. 


(6) Oimeany wDadbticizar- fun, the altitude and 
airspeed errer would remain constant. Between runs the 
error would. be normally distributed with the mean airspeed 
error of zero. and standard deviation of .5 knot. The 
altitude error would have a mean of zero and a standard 


meviaticn of 10 feet. 


The latter distributions are the result of 
assuming that. the errors were normaliy distributed with the 
maximum allowable error equal to three times the standard 
deviation. Allowable instrument errors were obtained from 
reference/f6 /. 


Normal distributions were simulated using the 
Naval Postgraduate School Computer Library package LLRANDOM. 


Piestest was cepeated with a different seed to verify 


original results. See Appendicies A and E. 


d. System Performance 
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To determine whether the use of the micro 
computer would significantly improve the deliver accuracy 
of the F-4 in the air to ground envicrnment, an experiment 


was conducted based on the followiny assumptions: 


(1) The previously described model represented 


an F-G in a dive bombing run. 


(2) The Mk-81 Low Drag Bomb is a typical 


unguided air te ground weapon. 


(3) In the Simulation, it would be assumed that 
the pilot, at releaSe altitude, would have the sight aimed 


at the target. 


(4) ALT @veapons would be released from a 


position 7 feet below and 18 feet aft of the gunsight. 


* 


(5) All deliveries would be in ho-wind 


Sondi:t 10Ons. 


(6) The path of the Mk-81 Low Drag Bomb could 
be described by the following set of eguations which were 
Srearned Lror reference /7 _/: 


x't = -E * x! (19) 


and 

eee oe Yt ee (70) 
where X represents down range travel, Y represents altitude, 
X', and Y' are the horizontal and vertical components of the 


velocity vector. The value of the other variables was 


determined as follows: 
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Da (Court Vin oe OK y/ 1G4 
a d 


where 


e is 


the 


BEC pEOcaL 


2 
(diameter / weight), 


ballistic coefficient 


~ (6.00003158 *Y) 


p is the air density 0.0751366 * e ; 


Z 
V ais the true airspeed in ft/sec ., 


a 


and 


K 1s the drag coefficient. 


The experiment consisted of simulating 1000 dive 


runs for each_of the following standard deliveries: 


0 | 

20 dive, 
QO .. 

30 dive, 


Oe 
SO dive, 


0 
wo. dive, 


0 
#5 dive, 


DO) dive, 


On 


described as one 


2000 


3000 


9000 


4000 


6000 


7000 


each 


ewe 


Tee 


ee: 


seas 


ee 


ites 


crun 


second 


release, 


release, 


release, 


release, 


release, 


release, 


450 


450 


500 


450 


500 


500 


knots true airspeed 


knot true airspeed 


knot true airspeed 


knot true airspeed 


knot true airspeed 


knot true airspeed. 


the sampling method previously 


mireerva i 


Beeaqieted airspeed was calculated 


by 


Sampling was used. The 


equation (18). The 


entry conditions were considered to be normally distributed 
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about a correct set of (airspeed, altitude, thrust, and dive 
angle) which was calculated to achieve the desired delivery 
parameters. The standard deviations of the distributions of 


the entry conditions were 10 knots for true airspeed, 200 
0 
meet for altitude, 2.5 for dive angle, and 750 pounds for 


thrust. 


Normal distributions were Simulated using the 
Naval Postgraduate School subroutine LLRANDOM. The standard 
deviations were assigned with a data statement. Two 
pseudorandom variables, x and y, were obtained from the 
LLURANDOM package. The variable x was obtained from a 
uniform (0,1) dastribution and y was obtained from a normal 
ey distribution. The desired vaiue, Z, was then 


calculated as 


z= DMEAN + v * STDV * COIN(x) where DMEAN is the 
desired mean, STDV is the standard deviation, and 
@orno 0s a Statement Lunctionewhich returns a +1 -i1£ 


m<.5 and a —-1 otherwise. 


After the release conditions had been predicted 
by the subroutine SAMP, two conditions were simulated, 
Pieces that the aircraft had no micro computer and that the 
pilot continued in a steady dive to release altitude. 
Second, that the pilot had a micro computer, that the micro 
computer supplied his gunsight with a corrected sight 
setting equal to the value calculated by SAMP , and that the 
pilot adjusted his aircraft's dive path as socn as this 
information was available , so that at release altitude, the 


new Sight setting was fon’ the target. 


For each condition, a simulated bomb was dropped 
at release altitude. A miss for the bomb was calculated as 


the distance between the point where the sight angle 


aS 





intersected the earth and the down range travel, x, which 
waS numerically computed ( based on the equations (19) and 
(20)). In addition, in the case of the modified flight 
path, a ccerrect sight setting was also calculated. Finally, 
the ratic of the miss distance with the micro computer to 
the miss distance without the micro computer was calculated. 
If the ticro computer gave a greater miss than the basic 
aircraft, the ratio was set to plus or minus 1.1, depending 
on whether the errors were both on the same side of the 


target. 


Arrays were built with these 1000 values and 
histograms were printed showing the distribution of tne 
various values. See appendix B. The FORTRAN routine which 
Simulated the experiment is in appendix F. An additional 
table was constructed from the histograms which compares the 
median miss distance under the assumptions that the micro 


computer tas Or was not used. See table 3. 
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G5) “tce Oo Computer Suitability 


The previously tested errar sensitivity 
aigorithm was converted from FORTRAN to PLM for test on the 
mee E 8608080. The program was compiled on the Naval 
Postgraduate School I3M 360/65 and interpreted using the 
INTSRPB subroutine. Timing data was obtained and found to 
be ./5 seconds for the entire program. See Appendix G. The 
program Was then executed on the INTEL 8080 and final output 
(Sight setting) was found to be in agreement with sample 
results which had been obtained from executing the FORTRAN 


Version On an SDS 9300 computer. 


B. min TO AIR 


— 


ie General 


ee ee 


in air-to-air gunnery considerations, it must be 
assumed that the position of the target is some, function of 


time, 


Cre ane), it), C(t) 0 


Since, in general, no assumptions can be made to 
Mesetrict this motion relative to the (x,y,z) coordinate 
system of air to ground consideratrons, a new coordinate 
system is introduced. Tic Origins Or m the “new systen, 
maey'’,2*') is the muzzle of the fighter aircraft's cannon. 
The x' axis is always oriented so that a builet's initial 
welocity vector will be aligned with the positive x’ axis. 


The y' axis is perpendicular to the x' axis and forms, with 
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the x' axis, a plane which contains the wing roots of the 
meer. The z* axis 1S orthogonal to the (x',y") plane 
with the positive direction measured in the same direction 


@oeeene vertical tail of the fighter. 


It should be noted that the x§ axis is not always 
aligned with the gun barrel boresight line. This is caused 
by the bullet's velocity vector being the vector sum of the 
basic muzzle velocity vector and the aircraft velocity 
vector. When the aircraft is flying at an angle of attack 
greater than zero these two vectors are not coincident. 
Therefore, the x' axis is shifted away from the gun 


boresight line toward the relative wind. 


The set of points from which a fighter can 
effectively employ guns against an airborne target lies 
Within a 30 deyree cone emanating from the tail of the 
target. The minimuin firing range within this cone is 
approximately 500 feet and the maXimun range is 


approximately 2000 feet. 


The dimensions of this firing region effectively 
restrict the problem so that, for a bullet to hit the 
.target, the time of flight is less than two seconds. fhis 
Snort time of flight, together with the basic mnuzzle 
velocity of the standard aircraft cannon (3300 pis) yi. arlow 


the computations of the proper lead angle to be performed in 


four distinct steps, Reference £8 Wie The steps are as 
POLLOWS : 

(1) Estimate the future angular displacement of 
the target from the present line of Sion t. fhias 


displacement is assumed to be caused by the target's present 
velocity vector acting as a constant during the tine of 
megnt of the bullet. Phes angle sis calied the Gdaead for 


maeget moeron. 
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(2) Cabeviate ine errecct sof gravity drop. 


(3) Calculate the effect of the fighter's angle 


mmmactack. 


(4) Coseiiliagvemmetcmmer rect Of the distance 


between the gun and the gunsight (parallax). 
2. Lead for farget Motion 


TicmecaLciwatagnesot the lead for target motion in a 
Beome,) parallel ta the (y',z! plane is based on the 


foilowing anaiysis vf the situation: 


(1} Peecetewtidieer US tracking the ‘tarqet, 
tmat 1S, the fighter is in the firing cone with the 35 nil 
pipper held steady on the target, the relative positions of 
the two aircraft are '‘'closet to the positions needed for 


successful gun firing. 


(2) Therefore, assume that the sight line and 


mage nakisS are coincident. 


{3) At this time, the fighter's velocity minus 
the rate of closure represents the target's velocity 


component parallel to the x! axis. 


(4) The rate at which the fighter is turning, 
in radians/second, multiplied by the range is a close 
approximation to the target's velocity component parallel to 


mroety’,z‘') plane. 


(5) Pie chcmemexistced tame, tt", such (that a 


bullet tired at time t=0 wili strike the target at time t', 


20 





then the geometry of the flight of the bullet in aoe plane 
containing the x' axis and the Component of the velocity 
vector of the target which is in the piane parallel tc the 


(y',z') plane, can be approximated by Fig 8. 
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(6) Therefore, the lead for target motion 
orthogonal to the x axis can be approximated by the angle, 


psi, (see Fig 8). 


The calculation of the angle in mils uses the fact 
that 


lin Bre ee =1. This implies that, for small angles, 
x= 


ARCSIN(x/y) = x/y = RECTAN (x/y) 


Whete = means “is approximately equal to". 

iieiact, Lor angles smaller than 200 mils, the maximum error 
of these approximations is 4 mils. Since the set of 
possible answers lies within the range 0-200 mils, the 


following equation vas solved to determine psi. 


pSsi= VO/VX'., 
VO, the component of the target's velocity vector which was 
Orthogonal to the X' axis, was calculatea as the product of 
meiemeerighter's cate of turn muitiplied by the range to the 
target, muitipiied by 1000. VX', the average velocity of 
the bullet, was calculated as the range to impact divided by 


the time of flight. 


Since Ghemcalculati1on, Weare, this stage, ilgqnores 
Gravity, and since the bullet otherwise satisfies the 
assumptions of the air to ground weapon , provided that the 
x' axis is parallel to the surface of the earth, equation 


(19) can be modified to give 


A = ~F «x Y (20 
ae x! 
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Since the velocity of the bullet during its time of 
flight will be several times larger than the speed of sound, 


and since the shape of the i Ve. Mach curve 1s almost fiat 
above 1.6 times the speed of sound, equation (21) can be 


further simplified to 


2 
= -p* K *V (22) 
xX x! 


or eguivalentiy, Since V mag 
x 


Z 
A / NV = = pi = Ke 
x! xo 
Since the effect of gravity is ignored, the density, p, will 


remain constant so that (22) becomes 


ihe: 
A oooN Seer COMmS Cait. (25) 
x ey 2 


Intecqrating both sides with respect to t gives 


=1/V = a ee ee ee 24) 
4 es 2 71 \ 


Pomvemng (20) for the initial conditions of the bullet as it 


leaves the gun gives 


1/V = (K * V * t +1 ~)/V (25) where V was” taken 
xt 2 m m m 
moe be 3300 + tes and ue was the fighter's velocity in feet 


per second. Expressing (25) in an equivaient form yields 
V =) an ees SO SY 1) Pa PALS 


Integrating eyuation (26) again with respect to t 


Paves the equation for distance traveled by the bullet 





eee (KO FV * E+ 1) KUCH CC. 27 
WSS i" se : (2/) 


Since x' at t=0 is zero, Care 


The time of flight may now be calculated as the 


tine, t =, when 
tor 


RANGE + (V Ne a ee = 
f C tof 
mon * Ve t Tey kK ente8) 
Z m Lor : 2 ; 
RANGE is the distance to the target at time t=0. V is the 
c 


closing velocity at time t=0. 


Since the argument of the natural logarithm in 
Meqmar2on (28) 1s strictly greater than 1, a Newton's fixed 
point iteration function may be used to find the value of 


< merhe iteration function is 
tot 


t eet —- F(t p)/F'(t )-. (29) 
n+1 n n n 


fio) and P(t) were defined as follows: 


F(t) = RANGE + (V  -~ V) * t -ln(V * K_ * t + 1)/K (30) 
5 o m 2 2 


and 
P'(t) = (Vv -V) -VY(V * K * t + 1p. (31) 
f Cc m m 2 
The first approximation of a p was used to find the 
O 
values VX', and subseguently psi. To reduce the tine 





reguired to calculate i, wa2S always assigned the value 


One. 


ree tne Eirect of Gravity Drop 


—_—eom = at Oh 5 E> oe oe = ee er ee ee 


In calculating the lead for target motion, the 
effect of gravity was ignored. A true trajectory, however, 
would always curve toward the earth as described by equation 
C20). For a time of fiight less than two seconds, equation 
(20) may be simplified by assuming that E=0. This allows a 
closed form solution for the distance travelled by the 


buliet beiow the no gravity flight path during time, me 
O 


meecenwas. The solution is 


~~ 


. 2 
y = 32.17 * t /2 (32) 
fhe error in (32) is less than 20 feet reference / 8 /. 


The angle, in milliradians, subtended by the 


distance y = ele & saukerpe range of x' feet 1s 
LoL TOL 


mils =y * 10600/x' : 
gravity drop On aoe 


mementrect Of Angle of Attack 


As the bullet leaves the barrel of the gun, it 
Pirons With the relative wind. That is, the velocity vector 
meecne bullet shifts fron the qun boresight line to the x' 


mers. The amount of this shift, in mils, is calculated as 
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MILS = V * ACA/S(V + 3300 
AOA f ci f yr 


mmere AOA represents angle of attack, in mils, of the gun 


barrel boresight line. 


Since the gun and the sight pivot are approximately 
seven feet apart in the z' direction, a small factor must he 
added to the sight setting. In the F-4, this setting is 
3.19 mils, reference /2/ . Fig 9 snows that the effect of 
adding a paraliax correction is to have the zero sight line 
(ZSL) intersect the gun boresight line (TBL) at a known 


distance (harmonization range) in front of the fighter. 
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6. Implementation and Timing 


— == a ae ee ee ee ee — ag — ame cee ee Op 


The calculations described above were coded into a 
PLM subroutine and tested on the INTERP8 simulation 
Subroutine. The time of execution was found to be less than 
~-2 seconds. In addition, a simulated sampling and data 
preparation routine was timed at approximately ~15 seconds. 


See appendix 4. 





V. CONCLUSIONS 


Based on the experiments performed and the timing data 
Obtained, the micro computer is functionally capable of 
MecvVidinG an improvement in air to ground delivery accuracy, 
women IS on the order of a two fold increase in accuracy. 
Since the cost of micro computers in decreasing, whereas the 
cost of fuel and replacement aircraft 1S increasing, and 
Since improved delivery accuracv means fewer sorties and 
aircraft exposed to hostile fire, a program to study the 
engineering factors and actual airborne effectiveness of the 


proposed micro computer modification is warranted. 


The air to air gunnery inplementation was not corpared 
fame «fixed sight solution since there is no criteria by 
which to judge the accuracy of the pilot's guess in the 
latter case. The reaction time of the computer (less thar 


~-5 second) appears to be adequate. 


Although ine ive tests were conducted on the system in 
either mode, such tests could be conducted at a relatively 
low cost by programming an A-6E or A-7E airborne computer to 
Simulate the accuracy and timing of the proposed micro 
computer system. Tes would eliminate the need to 
Meeontigure the hardvare of the test aircraft, at least in 


the preliminary stages. 


fhe cost of the micro computer and associated 10,006 
bytes of memory necessary to execute the air to ground anc 
Mereto air programs iS one thousand one hundred and fifty 


Melars based on currently availabie prices. Overall, the 
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Micro computer represents one Way to help curb the rapid 


gnecrease in the cost of aircraft procurement. 
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APPENDIX D 


SIMULATION OF ANGLE OF ATTACK MODULE 
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